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Background. With advances in the understanding of histopathology on outcome, accurate meningioma grading becomes critical
and drives treatment selection. The 2000 and 2007 WHO schema greatly increased the proportion of grade II meningiomas. Al-
though associations with progression-free survival (PFS) and overall survival (OS) have been independently validated, interobserver
concordance has not been formally assessed.

Methods. Once mature, NRG Oncology RTOG-0539 will report PFS and OS in variably treated low-, intermediate-, and high-risk
cohorts. We address concordance of histopathologic assessment between enrolling institutions and central review, performed
by a single pathologist (AP), who is also involved in developing current WHO criteria.

Results. The trial included 170 evaluable patients, 2 of whom had 2 eligible pathology reviews from different surgeries, resulting in
172 cases for analysis. Upon central review, 76 cases were categorized as WHO grade I, 71 as grade II, and 25 as grade III. Con-
cordance for tumor grade was 87.2%. Among patients with WHO grades I, II, and III meningioma, respective concordance rates
were 93.0%, 87.8%, and 93.6% (P values < .0001). Moderate to substantial agreement was encountered for individual grading
criteria and were highest for brain invasion, >20 mitoses/10 high-powered field [HPF], and spontaneous necrosis, and lowest for
small cells, sheeting, and >4 mitoses/10 HPF. In comparison, published concordance for gliomas in clinical trials have ranged from
8% -74%.

Conclusion. Our data suggest that current meningioma classification and grading are at least as objective and reproducible as for
gliomas. Nevertheless, reproducibility remains suboptimal. Further improvements may be anticipated with education and clarifi-
cation of subjective criteria, although development of biomarkers may be the most promising strategy.

Keywords: concordance, cooperative group trial, meningioma, pathology, tumor grade.

According to recent Central Brain Tumor Registry of the United
States (CBTRUS) publications, meningioma is the most com-
monly reported central nervous system (CNS) neoplasm in
the US, comprising 36.1% of all primary CNS tumors by histol-
ogy, while gliomas combined account for 28.4%." In addition
to increased reporting of meningioma, there has been wide-
spread adoption of the 2000 and 2007 WHO nomenclature

and grading standards, with a notable increase in the diagnosis
of atypical meningioma. Before 2000, ~90% of meningiomas
were considered benign (WHO grade 1), ~5% atypical (grade
IT), and <5% anaplastic or malignant (grade I11).? There has
since been a substantial increase in the diagnosis of grade II
meningiomas, an attendant decrease in grade I, and a slight
reduction in the frequency of grade III meningiomas. In one
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series, the fraction of grade II meningiomas reached as high as
35%, although this is not typical of most centers.? Tight statisti-
cal associations between 2000/2007 WHO-grade designations
and patient outcomes have been independently validated in a
number of published meningioma series.*®

Given a change of practice of this magnitude and its impor-
tant implications for patient management, the NRG Oncology
Radiation Therapy Oncology Group (RTOG) embarked on a
phase 11 trial (0539) of observation for low-risk, and postoper-
ative radiation therapy (RT) for intermediate- and high-risk me-
ningiomas (risk group criteria defined in the Materials and
Methods section). The trial opened in 2009 and completed ac-
crual to all risk groups in 2012. An important secondary end-
point in the protocol was the evaluation of histopathologic
concordance between enrolling institution and central review.
For this report, we determined interobserver concordance and
considered how this might direct future endeavors to improve
the diagnosis and treatment of patients with meningioma.

Material and Methods

NRG Oncology RTOG 0539 was a trial entitled “Phase 1I trial of
observation for low-risk meningioma, and of radiotherapy for
intermediate- and high-risk meningioma.” Low-risk (group 1)
was defined as a WHO grade I following either gross total re-
section (GTR, Simpson grade I-1II) or subtotal resection (STR,
Simpson grade 1V, V), and these patients were prospectively ob-
served, with tissue collected for future molecular analysis.
Intermediate-risk (group 2) included recurrent WHO grade T ir-
respective of resection extent or WHO grade IT with GTR, and
these patients received postoperative fractionated external
beam radiation therapy (EBRT), 54 Gy in 30 fractions. The high-
risk (group 3) category included new WHO grade II with STR,
any WHO grade 111, or any recurrent WHO grade I, and these
patients received EBRT, 60 Gy in 30 fractions.

The primary study endpoint was to estimate the rates of
progression-free survival (PFS) at 3 years in each of the patient
risk groups. The leading secondary endpoint was to study the
concordance, or lack thereof, between central and parent insti-
tution histopathologic diagnosis, grading, and subtyping. The
remaining secondary objectives were to appraise microscopic,
immunohistochemical, microarray (mRNA expression profiling),
molecular, and imaging correlates; to estimate the incidence of
RTOG grade 2 or more acute and late effects; to evaluate ad-
herence to protocol-specific target and normal tissue EBRT pa-
rameters; and to report the rates of overall survival (OS) at 3
years.

For each patient, a P4 form (Fig. 1) was completed by both
the enrolling institution pathologist and the central review pa-
thologist. Pathology specimens were evaluated for each patient
initially by the enrolling institutions’ neuropathologists. Form P4
included subtyping and assignment of grade. Please refer to
the footer of the P4 form (Fig. 1) for details about the instruc-
tions provided for histopathologic review. Slides were then sent
for central review to a single expert neuropathologist (AP), who
performed the same functions prior to final protocol en-
rollment. Central review was independent of the institutional
assessment. Final study group assignment and treatment
were based upon central pathology review. It was a strict

requirement for study eligibility that all H&E slides from the en-
rolling institution be submitted for central pathology review and
that these include at least 1 H&E section from each block.

Concordance rates for overall tumor grade, histopathologic
subtype, high-grade variant histology, and individual grading
criteria were assessed using the kappa (k) coefficient for each
evaluable P4 input.® Kappa values from 0.01 to 0.20 are con-
sidered representative of slight agreement, 0.21 to 0.40 fair
agreement, 0.41 to 0.60 moderate agreement, 0.61 to 0.80 sub-
stantial agreement, and >0.80 almost perfect agreement.’

This cooperative group protocol was approved by the institu-
tional review boards at each participating study site, and doc-
umentation was received at the RTOG (now NRG Oncology)
central office. Each patient signed an approved informed con-
sent prior to trial enrollment.

Results

A total of 244 participants were initially enrolled to NRG Oncol-
ogy RTOG-0539. The trial closed after reaching its accrual goals:
group 1 (low-risk) September 29, 2010; group 2 (intermediate-
risk) May 12, 2011; and group 3 (high-risk) August 24, 2012. Of
the 244 participants who entered step I enrollment, 223 Pa-
thology Review Forms (P4, Fig. 1) on 221 patients were submit-
ted (2 patients had 2 P4 forms, each from 2 separate operative
procedures). One hundred seventy-eight participants continued
to step 2 with central pathology review. There were thus 66 par-
ticipants enrolled on step 1 but not registered to step 2. This oc-
curred due to patient refusal (n=18), study closure prior to
step 2 registration (n=11), issues relating to pathology or tis-
sue submission (n=9), problems with eligibility (n=7), time-
line constraints (n=6), physician preference not otherwise
specified (NOS, n = 4), treatment started before central pathol-
ogy review (n=12), disease progression (n= 1), difficulty with
comorbid illness (n = 1), and other factor NOS (n = 7). Eight of
these 178 participants were ultimately deemed protocol ineli-
gible, owing to no protocol treatment (n = 2), registration to the
incorrect arm (n = 2), central pathology (although indeed com-
pleted) not done prior to step 2 registration (n = 1), extracranial
meningioma present (n= 1), multiple meningiomas present
(n=1), and treatment started prior to central review (n=1).
This resulted in 170 participants with 172 completed pathology
reviews, who were otherwise fully protocol eligible. Pretreat-
ment patient characteristics of the 170 eligible participants
are shown in Supplementary material, Table S1.

The diagnosis of meningioma, confirmed on central review,
was required for protocol eligibility. In order to determine the
concordance for the diagnosis of meningioma, all submitted
P4 forms were examined (n=223). Forms with incomplete
site review (n=15) were excluded. The 2 patients with tumor
other than meningioma after central review did not proceed
to step 2. This resulted in 216 participants and 218 P4 forms
for concordance measures regardless of eligibility status.

Concordance between reviewers was measured using com-
pleted P4 forms (Fig. 1). Concordance for the diagnosis of me-
ningioma itself was 99.1% (216 of 218 P4 forms), with 2 cases
excluded on central review for alternate diagnostic consider-
ations of gliosarcoma and an inflammatory process. Overall
concordance for tumor grade was 87.2%. Each instance of
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(T Radiation Therapy Oncology Group Phase Il RTOG Study 0539 Case # N
P 4 Feasibility Study of IMRT for Intermediate-and (
High-Risk Meningiomas and
of Observation for Low-Risk Meningiomas Institution Institution No.
Pathology Checklist Participant's Initials Participant's|.D. No.
Amended Data J Yes ELIGIBILITY: To be eligible for this study, tumors must qualify for WHO definitions of meningioma,
or variants thereof. Hemangiopericytomas and other primary meningeal sarcomas are excluded.
HOME PATHOLOGY REVIEW (check applicable) CENTRAL PATHOLOGY REVIEW (check applicable)
MENINGIOMA GRADE: MENINGIOMA GRADE:
| BENIGN, WHO ) | | BENIGN, WHO Ia)
L] arvpicaL, wHo ) || ATYPICAL, WHO Il
u ANAPLASTIC, WHO lli(3) I_, ANAPLASTIC, WHO lll;33)
VARIANT HISTOLOGY (check all that apply): VARIANT HISTOLOGY (check all that apply):
Chordoid: Focal @) Diffuse 5) Chordoid: Focal _____ @4 Diffuse ____ @)
Clear Cell: Focal &) Diffuse 7 Clear Cell: Focal __ (36 Diffuse ___ (a7
Papillary: Focal ® Diffuse ) Papillary: Focal _____ (s Diffuse _____ @9
Rhabdoid: Focal (10) Diffuse (11 Rhabdoid: Focal ___ (40) Diffuse __ (a1)
Other (specify) (12) Other (specify) 2
Yes No Yes No
>4 mitoses/10 HPF (13) (14) >4 mitoses/10 HPF (43) (44)
>20 mitoses/10 HPF (15) (16) >20 mitoses/10 HPF (45) (46)
Brain Invasion “n (18) Brain Invasion (47) (48)
Sheeting (19) (20) Sheeting (49) (50)
Small cells (21) (22) Small cells (51) (52)
Macronucleoli (23) (24) Macronucleoli (53) (54)
Hypercellularity (25) (26) Hypercellularity (55) (56)
Spontaneous Necrosis (27) (28) Spontaneous Necrosis (57) (58)
Anaplasia (29) (30) Anaplasia (59) (60)
' || pATIENT ELIGIBLEE
_ 1 No
Comments: 2 Yes
u IF NO, REASON INELIGIBLEs2)
1 Not WHO grade |, II, or 11l
Phone # 2 Insufficient tissue
3  Other specify (63)
|| sECOND TISSUE REQUESTG4
Fax # Email 1 No
2 Yes, date - - (65)
Comments:
Signature Date - o (66)
Signature (67) Date - (68)
Definitions: Meningiomas are considered benign (WHO grade 1) unless they fulfill criteria for atypical, anaplastic, or aggressive variant histology (chordoid,
clear cell, papillary, rhabdoid). Atypical meningiomas must have at least one of the following focally or diffusely: a) >4 mitoses/10 HPF, or b) at least 3 of
5 variables: sheeting (loss of whorling or fascicular growth), small cells (clusters of tumor cells with high N/C ratios), macronucleoli, hypercellularity,
spontaneous necrosis (i.e. not induced by preoperative embolization). Brain invasive meningiomas are now considered WHO grade Il in the 2007
grading scheme. For the purposes of this study, they should be scored as “atypical, WHO grade II", even if otherwise benign in appearance.
Anaplastic (malignant) meningiomas must have at least one of the following focally or diffusely: a) >20 mitoses/10 HPF or b) frank anaplasia, defined by a
sarcoma, carcinoma, or melanoma-like appearance in a tumor that is documented to be of meningothelial origin by the presence of residual conventional
meningioma foci, prior history of lower-grade meningioma at the same site, or appropriate immunochistochemical/ultrastructural features. Meningiomas
with focal areas of aggressive variant histology will be graded as any other case. |If the variant histology constitutes >50% of the specimen, then they will
be graded as follows: chordoid and clear cell meningiomas are equivalent to atypical, grade II; papillary and rhabdoid meningiomas are equivalent to

\@aplastic. grade lI,

Fig. 1. RTOG P4 Form for Parent Institution Pathology and Central Pathology Review.

grade discordance was by a single WHO grade, except for one Table 1 documents the rates of concordance and discord-
case in which a meningioma graded as WHO I at the enrolling  ance for individual WHO grades and by the 9 defined aggres-
institution was diagnosed as WHO IIT upon central review. This  sive features defined in the P4 pathology form (Fig. 1). With
discordance owed largely to mitotic index. benign meningioma, we encountered 93.0% concordance,
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atypical 87.8%, and anaplastic 93.6%. Table 2 examines this
further for rates of agreement and disagreement between
parent and central pathology grading, with the applicable
kappa statistic. These fit into the “substantial agreement”
range for WHO grades 1I and IIT and “almost perfect agree-
ment” for benign meningioma. Twenty-two cases were
reclassified based on central review. Most (40.9%) were re-
ported by the institution as WHO grade I and reclassified as
WHO grade II. There was one case in which the institutional
and central reviewers differed by more than one WHO
grade. In this case, an institution reported WHO grade I me-

Table 1. World Health Organization grades

Concordance Rate Discordance Rate

WHO grade
Benign (WHO I) 93.0% 7.0%
Atypical (WHO II) 87.8% 12.2%
Anaplastic (WHO III) 93.6% 6.4%

Aggressive features
>4 mitoses/10 HPF 79.1% 20.9%
>20 mitoses/10 HPF 95.3% 4.7%
Brain invasion 92.4% 7.6%
Sheeting 74.4% 25.6%
Small cells 79.1% 20.9%
Macronucleoli 76.7% 23.3%
Hypercellularity 73.3% 26.7%
Spontaneous necrosis 85.5% 14.5%
Anaplasia 93.6% 6.4%

Abbreviation: HPF, high-powered field.
Percentage concordance and discordance by WHO grade and by
predefined aggressive features (WHO 2007 criteria).

Table 2. World Health Organization meningioma grade concordance

Parent Institution Central Review WHO Grade Kappa Statistic

WHO Grade
Yes No

Benign (WHO 1) n=76 n=96 0.84¢
Yes (n= 84) 74 (88.1%) 10 (11.9%) (CI: 0.76-0.92)
No (n=88) 2 (2.3%) 86 (97.7%)

Atypical (WHO II) n=71 n=101 0.72¢
Yes (n=70) 60 (85.7%) 10 (14.3%) (CI: 0.62-0.83)
No (n=102) 11 (10.8%) 91 (89.2%)

Anaplastic (WHOIII) n=25 n=147 0.71¢
Yes (n=18) 16 (88.9%) 2 (11.1%) (CI: 0.55-0.87)
No (n=154) 9 (5.8%) 145 (94.2%)

Abbreviation: CI, confidence interval.

Numeric and percentage agreement in WHO grade between institution
and central review among 172 pathology specimens in 170 patients,
with the applicable kappa value and confidence interval. The embold-
ened percentages emphasize agreement between institution and cen-
tral grading.

P value < .0001.

ningioma that was reclassified as grade III. Ten participants
classified as WHO grade II by the institution were reclassified:
2 to WHO grade I and 8 to WHO grade III. Two participants
graded as WHO III by the enrolling institution were reclassi-
fied to WHO I1.

In 22 cases, the WHO grade was reclassified following central
review. The most common discordance involved grade II menin-
gioma and related to either the identification of mitoses or atyp-
ical features. Nine cases were reclassified from WHO grade I to II
after central review. In 4 of the 9 cases, the site identified fewer
than 4 mitoses per 10 high power fields (HPFs), whereas central
review found >4. In 3 cases the site pathologist identified no aty-
pia, while central review scored 3 atypical features. The most
common of these was necrosis (found in all 3 cases), followed
by sheeting or small cells (found in 2 cases each); macronucleoli
and hypercellularity were each recognized in one case. For one
patient, the site noted focal chordoid features, whereas diffuse
chordoid was found upon central review. In the final grade I to
grade IT reclassification case, both site and central review identi-
fied brain invasion, although the site nevertheless finalized the
meningioma as WHO grade 1.

Eight cases were reclassified from WHO grade 11 to III follow-
ing central review. Six of these were related to the central-review
recognition of anaplasia, 2 to number of mitoses (=20 per 10
HPFs), and one with both findings upon central review. Two
cases read as WHO grade II after site review were finalized as
grade I centrally, and 2 recorded as WHO grade III by the site
were changed to grade II centrally. An additional single case
read as grade I was reclassified as WHO grade I1I centrally.

Table 3 describes numeric and percentage agreement be-
tween institution and central pathology, with « values and con-
fidence intervals for aggressive features and histologic variants.
Kappa values were, in descending order, within the substantial
agreement range for brain invasion, >20 mitoses per 10 high
power fields (HPF), and spontaneous necrosis. Agreement was
moderate for (in descending order) anaplasia, >4 mitoses per
10 HPF, macronucleoli, hypercellularity, and sheeting, while
small cells had fair agreement. The lowest levels of agreement
(kappa < 0.50) were encountered for macronucleoli, hypercel-
lularity, sheeting, and small cells. Representative light micro-
scopic images showing the 3 aggressive features with the
highest kappa values, as well as the 3 with the lowest kappa
values, are displayed in Fig. 2.

A breakdown by aggressive variant histology is also found in
Table 3. This documents less concordance than found with the
assignment of WHO grade or the determination of aggressive
features. Diffuse rhabdoid histology was identified within the
substantial agreement range, whereas diffuse papillary fea-
tures fell within the moderate agreement kappa range. Focal
chordoid, diffuse chordoid, and focal rhabdoid found fair agree-
ment. Focal clear cell and focal papillary histology found slight
agreement between parent and central pathology review, and
there was no agreement for the 3 cases (1.4%) assigned diffuse
clear cell features at parent institution review.

Discussion

Harvey Cushing, describing tumors that originate from the
meningeal coverings of the brain and spinal cord, first coined
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Table 3. Aggressive features and histologic variants

Table 3. Continued

Parent Institution Review Central Review

Kappa Statistic

Parent Institution Review  Central Review Kappa Statistic

(95% CI) (95% CI)
Yes No Yes No
>=4 mitoses/10 HPF (n=64) (n=108) 0.51* Yes 1(50.0%) 1 (50.0%) (0.00-1.00)
Yes 33 (86.8%) 5 (13.2%) (0.38-0.64) No 1 (0.6%) 169 (99.4%)
No 31 (23.1%) 103 (76.9%) Rhabdoid - focal & diffuse (n=13) (n=159) 0.36%
>=20 mitoses/10 HPF (n=17) (n=155) 0.67* Yes 3 (100.0%) 0 (0.0%) (0.06-0.65)
Yes 9 (100.0%) 0 (0.0%) (0.46-0.88) No 10 (5.9%) 159 (94.1%)
No 8 (4.9%) 155 (95.1%) Rhabdoid - focal (n=11) (n=161) 0.29*
Brain invasion (n=36) (n=136) 0.76* Yes 2 (100.0%) 0 (0.0%) (0.00-0.61)
Yes 27 (87.1%) 4 (12.9%) (0.64-0.88) No 9 (5.3%) 161 (94.7%)
No 9 (6.4%) 132 (93.6%) Rhabdoid - diffuse (n=2) (n=170) 0.66*
Sheeting (n=72) (n=100) 0.44* Yes 1 (100.0%) 0 (0.0%) (0.05-1.00)
Yes 36 (81.8%) 8 (18.2%) (0.31-0.58) No 1 (0.6%) 170 (99.4%)
No 36 (28.1%) 92 (71.9%)
Small cells (n=48) (n=124) 0.39* Abbreviations: CI, confidence interval; HPF, high-powered fields.
Yes 18 (75.0%) 6 (25.0%) (0.23-0.54) Numeric and percentage agreement, with the applicable kappa value
No 30 (20.3%) 118 (79.7%) and confidence interval, according to WHO aggressive features and his-
Macronucleoli (n=71) (n=101) 0.49* tologic variants from institution versus central pathology review.
Yes 36 (87.8%) 5(122%)  (0.36-062)  P-value<.0001.
No 35 (26.7%) 96 (73.3%)
Hypercellularity (n=282) (n=190) 0.45*
Yes 41(89.1%) 5(10.9%)  (0.33-0.58) the term “meningioma” in a 1922 edition of the journal Brain.*°
No 41 (32.5%) 85 (67.5%) His description has proved clinically useful and durable, al-
Spontaneous necrosis (n=59)  (h=113) 0.66 though we have since made considerable progress in the char-
Yes 41 (85.4%) 7 (14.6%)  (0.54-0.78) acterization of meningioma grading and histology. These
No 18 (14.5%) 106 (85.5%) improvements are of pivotal importance for patients and clini-
Anaplasia (h=16)  (n=156) 0.53 cians since histopathologic findings, and in particular tumor
Yes 7(77.8%) 2 (22.2%) (0.29-0.77) grade, play key roles in therapeutic decision-making.
No 9(5.5%) 154 (94.5%) Since the initial descriptions of meningioma, it has been ap-
Chordoid - focal & diffuse (n=16) (n=156) 0.70* preciated that these tumors display a wide range of histologic
Yes 9 (100.0%) 0 (0.0%) (0.49-0.91) appearance and clinical behavior. The cell of origin for meningi-
No 7 (4.3%) 156 (95.7%) oma is presumed to be the arachnoidal cap cell, which has a
Chordoid - focal (n=12) (n=160) 0.39* complex embryological origin with mixed mesenchymal and
Yes 4 (57.1%) 3 (42.9%) (0.10-0.68) epithelial features originating from both mesoderm and neural
No 8 (4.8%) 157 (95.2%) crest.’* Meningiomas thus exhibit a broad range of histologic
Chordoid - diffuse (n=4) (n=168) 0.32* patterns and cellular features. Reflecting this, there are multiple
Yes 1 (50.0%) 1 (50.0%) (0.00-0.81) variants of meningioma, many of which have no known prog-
No 3(1.8%) 167 (98.2%) nostic impact beyond WHO grade, but others of which portend
Clear cell - focal & diffuse (n=9) (n=163) 0.55% more aggressive behavior. Chordoid and clear-cell variants are
Yes 4 (80.0%) 1 (20.0%) (0.24-0.87) more aggressive and are classified as WHO grade 11, even in the
No 5(3.0%) 162 (97.0%) absence of atypical histologic features. Papillary and rhabdoid
Clear cell - focal (n=9) (n=163) 0.17 meningiomas are WHO grade III.
Yes 1(50.0%) 1 (50.0%) (0.00-0.47) Many attempts, most notably by the WHO, have been made
No 8 (4.7%) 162 (95.3%) to systematically categorize meningiomas and to characterize
Clear cell - diffuse (n=0) (h=172) N/A the predominant microscopic appearance, the likelihood of
Yes 0(0.0%) 3 (100.0%) progression or recurrence, and the need for initial or adjuvant
No 0(0.0%) 169 (100.0%) treatment. Notable strides have been made in these regards
Papillary - focal & diffuse  (n=13) (n=159) 0.36* with the current (2007) WHO grading system, and inroads
Yes 3 (100.0%) 0 (0.0%) (0.15-0.65) toward improved understanding of molecular genetics and in-
No 10 (5.9%) 159 (94.1%) dividualized outcome predictors are ongoing. However, at pre-
Papillary - focal (n=11)  (n=161) 0.16 sent we rely heavily upon light microscopic findings, extent of
Yes 1(100.0%) 0 (0.0%) (0.00-0.43) resection, and recurrence status to guide patient management.
No 10 (5.8%) 161 (94.2%) IQ 1979, 'the WHO first cotegor_lged meningiomas into
Papillary - diffuse (n="2) (n=170) 0.49* merjlr]gothellomotousZ ﬂbroqs, tron5|t|o.nol, psammomatous,
angiomatous, hemangioblastic, hemangiopericytotic, papillary,
Continued  and anaplastic subtypes.*? This simple system recognized
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100
Fig. 2. Representative light microscopy images showing the 3 aggressive features with the highest kappa values as well as the 3 with the lowest
kappa values. The number below each image expresses the magnification factor. Grading criteria with highest agreement (k > 0.68) between local
and central pathology reviews included brain invasion (A), markedly elevated mitotic index (>20/10 HPF; B), and spontaneous necrosis (C). Grading

criteria with the lowest agreement (x < 0.50) between local and central pathology reviews included sheeting (D), small cells/hypercellularity (E),
and focal increase in mitoses (>4/10 HPF; F).

anaplastic meningioma but did not distinguish an intermediate
prognosis atypical variant. The WHO updated its nomenclature
and histologic subtyping in 1993, with the assignment of
hemangiopericytoma to a nonmeningothelial category and
the introduction of atypical meningioma as an intermediate
grade. These were important steps conceptually, but the
1993 version offered only vague grading criteria and, as was
also the case with the 1979 scheme, was not widely imple-
mented. However, in 2000 the WHO fashioned guidelines
based upon clinicopathologic correlation from two Mayo Clinic

series, which were more objective and reproducible, and these
gradually became the standard. In 2007 the WHO revised the
2000 criteria only slightly, defining brain invasion as a criterion
for grade II. While seemingly a modest change, this has result-
ed in a further increase of meningiomas assigned to the grade
II category.' 3

Perry et al, whose work became the impetus for the WHO
2000 and 2007 systems, reported 643 meningioma cases
and identified a benign group with 5-year PFS of 88%, an atyp-
ical group with 5-year PFS of 59%, and an anaplastic cohort
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with 5-year PFS of 28%.'*'° In these large series, patients with
benign (WHO grade I) meningioma comprised 72.1% of the
total, atypical (WHO grade II) 24.3%, and anaplastic (WHO
grade III) 3.6%. This increase in identification of grade II histol-
ogy and the increased risk of recurrence and/or death with
higher-grade meningioma have been confirmed in other single
institution series.®11¢~18 Willis et al from Scotland in 2005 re-
graded 314 cases according to WHO 2000 criteria and identi-
fled 20.4% grade II. They also reported that 38% of grade I
patients diagnosed per WHO 1993 were reclassified as grade
I1.16 Pearson et al in 2008 found that the incidence of grade
II histology rose from 4.4% between 1994 and 1999 up to
35% in 2006.° Similarly, Backer-Grgndahl et al reviewed 196
consecutively treated patients in Norway and found that 18%
were WHO grade II according to pre-2000 WHO, 26% per WHO
2000, and 30% per 2007 criteria. The increase from 2000 to
2007 occurred exclusively due to 9 otherwise grade I patients
who had brain invasion. WHO grade III meningiomas remained
relatively stable at 1%-2%."*

Using 2000 and 2007 WHO grading, significant differences
in both disease-free survival and OS have been identified.*®
Compared with benign meningioma, atypical and anaplastic
tumors carry a 5- to 10-fold increased risk of recurrence at 5
years. Additionally, rates of OS in patients with atypical or ana-
plastic meningioma are, respectively, 3-fold and 10-fold inferior
to their benign counterparts, and patients with WHO grade 111
tumors rarely survive 10 years.'® With changes of this magni-
tude in both grading and outcome, correct characterization has
far-reaching consequences. However, it has not been clear to
what extent the new WHO standards have been implemented.
With this understanding, NRG Oncology RTOG 0539 was de-
signed, among other important endpoints, to assess the inter-
observer and interinstitutional concordance of meningioma
classification and grading by comparing light microscopic as-
sessments of grade, variant histology, and aggressive features
between parent-institution and central-review pathology.

We found a concordance rate of 93.0% for WHO grade I,
87.8% for WHO grade 11, and 93.6% for WHO grade III. This
compares favorably with published concordance rates for sar-
coma, a soft tissue neoplasm for which subtyping and grading
play critical roles. Lurkin et al?® completed a prospective study
of 366 sarcoma patients from the Rhone-Alpes region of
France, systematically comparing initial histologic type and
grade with second-opinion findings by a regional or national ex-
pert. They identified 54% full concordance (histologic type and
grade), 27% partial concordance (different histologic type or
grade), and 19% discordance. Most discrepancies were with
grade (19%). Ray-Coquard et al’! published a similar study
within 3 European regions and analyzed 1463 patients. Full
concordance was found in 56%, partial concordance in 35%,
and discordance in 8%. The most common discrepancies
were with histologic grade (43%).

This also compares favorably with studies assessing interob-
server concordance with gliomas (Table 4). A single study by
Scott et al, which also reported findings from an RTOG trial
(8302), described 96% concordance for glioblastoma.?? This
is similar to the current study’s concordance of 99% for the
diagnosis of meningioma in general. Among the remaining
studies with more than one glioma grade represented, howev-
er, concordance has been considerably less impressive and

covered a wide range from 8% to 88%, depending in part
upon subspecialization among reviewing pathologists, aca-
demic versus community hospitals, and the complexity of mi-
croscopic findings (e.g. oligoastrocytoma vs astrocytoma) but
tended to be inferior to the concordance figures found in the
present trial with meningioma.

Although we have found the diagnosis of meningioma itself to
be reliable (99.1% concordance with central review), this became
somewhat less impressive when stratifying by WHO grade or indi-
vidual histologic features and variants. Concordance rates by grade
were 93.0% for WHO grade I, 87.8% for WHO grade 11, and 93.6%
for grade I11. The lower rate for grade II was anticipated, given the
complexities of the diagnostic criteria including chordoid or clear
cell subtype, 4-19 mitoses per 10 HPFs, brain infiltration, or 3 or
more of the following features: sheeting, small cells, macronu-
cleoli, hypercellularity, and spontaneous necrosis.

Kappa statistics for various chordoid and rhabdoid findings
revealed that agreement was moderate, fair, or slight. There
was substantial agreement with brain invasion, >20 mitoses
per 10 HPF, and spontaneous necrosis, but kappa values for all
other atypical histologic features were either fair or moderate.
A report from Trondheim University in Norway reached similar
conclusions. They found that, although many of the criteria
for > grade II are mutually correlated, many are also subjective,
including the number of mitotic figures that can be difficult to
detect due to the instability of mitotic figures during fixation,
pyknotic cells, regional variation in mitoses, and cellularity within
meningioma specimens.*? Additionally, it is well known that
there is great variability among pathologists regarding diligence
and time spent searching for mitotic figures. The authors also
found sheeting to be a challenging criterion, on occasion coexist-
ing with other processes such as inflammatory infiltrates, blood
vessels, or regions with syncytial architecture mimicking sheet-
like growth. Small cell areas were considered difficult to interpret
in whorled and hypercellular areas. Macronucleoli, according to
the WHO criteria alone, were felt to be ambiguous, although a
subsequent description by Perry and Brat, counting only nucleoli
easily observed at 10x, was found helpful.??

The WHO 2000 and 2007 criteria are more objective, reliably
applicable, and clinically predictive than previous schemes,®*!
but there remains considerable interobserver variability and
subjectivity, for which repeated assessments and redefinitions
may be required. At present, meningioma-grading criteria are
based upon light microscopy alone. However, biologic behavior
is incompletely accounted for by routine histopathology. It is
expected that biochemical, molecular, and chromosomal cor-
relates will be identified to provide more powerful and repro-
ducible prognostic markers.?*?> Further molecular work is
needed in these respects and is being undertaken by many in-
vestigators. Biomarker studies were also incorporated into the
present trial (NRG Oncology RTOG 0539) with analyses planned
for future publication.

Conclusion

Although limited by modest numbers and scant community
hospital involvement, our data suggest that the current menin-
gioma classification and grading criteria are at least as objective,
if not more objective, than that utilized for gliomas. Despite the
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Table 4. Glioma concordance studies compared with current meningioma trial (NRG Oncology RTOG-0539)

Reference Tumor Cohort Reviewers Classification Concordance Kappa
Scheme(s)
Scott 1995 RTOG 8302 680 AA and GBM North American SP/NP vs WHO 1993 96% for GBM, 66% for AA 0.67
central NP review

Coons 19972%° 244 (mostly) gliomas 4 NP WHO 1979; 1st set: 52% for 4/4 or 60% for 3/4 NP; 1st: 0.66
reviewed over 4 St. Anne-Mayo® 4th set: 69% for 4/4 or 75% for 3/4 NP 2nd: 0.71
sessions® 3rd: 0.76

4th: 0.82
Aldape 2000 San Francisco 457 (mostly) diffuse Local SP/NP (SF Bay area) vs ~ WHO 1993 77% overall; 88% with academic centers  NR

(SF) Adult Glioma Study?”
Prayson 200078

Kros 2007
EORTC 26951%°

Hildebrand 2008

EORTC 268823°

Giannini 2008

RTOG 94023!

Wick 2009

NOA-0432

Current Study RTOG 0539

gliomas

24 A, AA, and GBM; 6
nonneoplastic
150 AO and ACA

176 AA pre-CR; 61 AA
post-CR
247 AO and ACA

318 AA, AO, and AOCA
218 total patients

172 path reviews
(see results section)

UCSF central NP review
5NPand 5 SP

European SP/NP vs
consensus (6 of 9) central
NP review

European SP/NP vs EORTC NP
reviewer

2 central NP reviewers

German NP vs NOA central
reviewers

North American SP/NP vs
central NP review

Modified Ringertz

WHO 2000

WHO (presumably
1993 and 2000)
WHO (presumably
2000 and 2007)

WHO (1993 and 2000)

WHO 2007

vs 74% with community hospitals
(P=0.004)

86.7% for 4/5 NP;

43% for 4/5 SP

52% for AO; 8% for AOA; 86% for AO
among NP panel

35%
78%
NR

99.1% for mening diagnosis; 86.0% for
WHO grade

0.63 (NP); 0.36 (SP)
Dx of AO: 0.46-0.72
(NP 1-9);0.18

(SP)
NR
0.55
0.70

0.69 (grade)

Abbreviations: AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; AOA, anaplastic oligoastrocytoma; CR, central review; Dx, diagnosis; GBM, glioblastoma; mening,
meningioma; NP, neuropathologist; NR, not reported; path, pathology; SP, general surgical pathologist or local pathologist in a clinical trial; vs, versus.
9Study revealed improved concordance after each set following group discussions of grading criteria.
bThe St. Anne-Mayo grading scheme formed the basis for the WHO grading of diffuse astrocytomas in 1993 and later versions of the WHO.
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substantial agreement achieved for overall meningioma grade,
the utility of the current scheme is limited by subjectivities in
the component elements of grading.

Further improvements in interobserver concordance will like-
ly require educational efforts, clarification of subjective mor-
phologic criteria, and identification of objective molecular
biomarkers that more accurately predict biology. The identifica-
tion of such markers is a secondary endpoint in this RTOG phase
II trial, and we expect a report of this once the data have
matured.
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